Background: Inflammatory markers are increased in chronic obstructive pulmonary disease (COPD) and are hypothesised to play an important part in muscle dysfunction and exercise intolerance. Methods: The Health Aging and Body Composition (Health ABC) study is a prospective observational cohort of well functioning individuals aged 70-79 years. A cross sectional analysis of the baseline data was conducted to examine the association between inflammatory markers and ventilatory limitation, muscle strength, and exercise capacity. These associations were compared in participants with and without obstructive lung disease (OLD). Results: Of the 3075 participants enrolled in the Health ABC cohort, OLD was identified by spirometric testing in 268 participants and 2005 participants had normal spirometric results. Of the participants with OLD, 35%, 38%, and 27% participants had mild, moderate, and severe OLD, respectively. Participants with OLD had lower quadriceps strength (102.5 Nm v 108.9 Nm, p = 0.02), lower maximum inspiratory pressure (64.7 cm H 2 O v 74.2 cm H 2 O, p,0.0001), higher systemic interleukin (IL)-6 levels (2.6 pg/ml v 2.2 pg/ml, p,0.0001), and higher C-reactive protein (CRP) levels (3.5 mg/l v 2.5 mg/l, p,0.0001) than those with normal spirometry. In participants with OLD and those with normal spirometry, forced expiratory volume in 1 second (FEV 1 ) was associated with IL-6 (adjusted regression coefficients (b) = 25.3 (95% CI 29.1 to21.5) and 23.1 (95% CI 24.3 to 21.9), respectively). IL-6 and TNF were also associated with quadriceps strength among participants with OLD and those with normal spirometry (b = 26.4 (95% CI 212.8 to 20.03) and 23.4 (95% CI 25.4 to 21.3), respectively, for IL-6 and b = 210.1 (95% CI 218.7 to 21.5) and 23.8 (95% CI 27 to 20.6), respectively, for TNF). IL-6, quadriceps strength, and maximum inspiratory pressures were independent predictors of reduced exercise capacity in both groups. Conclusions: In well functioning elderly subjects with or without OLD, IL-6 is associated with reduced FEV 1 , quadriceps strength, and exercise capacity.
C hronic obstructive pulmonary disease (COPD) is associated with systemic inflammation, 1 which is increasingly recognised as a risk factor for its systemic complications such as muscle dysfunction, coronary artery disease, [2] [3] [4] [5] and stroke. 6 Skeletal muscle dysfunction, with preferential involvement of quadriceps muscles, is an important cause of reduced exercise capacity in patients with COPD. [7] [8] [9] [10] Cachexia rather than nutritional imbalance causes skeletal muscle wasting in COPD. 8 Numerous ex vivo studies have shown that systemic inflammatory markers such as tumour necrosis factor a (TNF-a) and interleukin (IL)-6 are proximal markers of cachexia and selectively target myosin in skeletal muscles. 8 11-13 While TNF reduces synthesis of myosin, IL-6 increases degradation of myosin through the ubiquitin-proteasome pathway. Furthermore, these cytokines may cause weakness without muscle wasting by directly compromising contractile function.
14 Despite increasing evidence for the role of cytokines in skeletal muscle wasting in COPD patients, few studies have confirmed this association in humans. [15] [16] [17] [18] A recent study characterised the relationship between IL-6 and skeletal muscle strength during exacerbations of COPD but failed to show an association during stable COPD. 19 Using creatinine-height index to assess skeletal muscle mass, Eid et al found an association between body composition and skeletal muscle mass with systemic inflammatory markers in COPD. 20 However, the relationship between inflammatory markers and strength in specific groups of muscles in individuals with stable COPD remains unclear.
The Health Aging and Body Composition (Health ABC) study is a prospective observational cohort of 70-79 year old well functioning elderly subjects with spirometric data and levels of inflammatory markers including TNF, IL-6, and Creactive protein (CRP) at baseline in most participants. A cross sectional analysis of these baseline data was undertaken to ascertain the relationship between lung function and inflammatory markers, and between inflammatory markers and muscle strength, in study participants with obstructive lung disease (OLD) and those with normal spirometric parameters. Predictors of exercise intolerance in participants with OLD and those with normal spirometric data were also estimated.
METHODS

Study population
The Health ABC study cohort consists of 3075 men and women aged 70-79 years. This study was designed to assess prospectively the impact of health conditions and body composition on incident mobility limitation. Inclusion criteria included no reported difficulty with walking a quarter Abbreviations: CRP, C-reactive protein; FEV 1 , forced expiratory volume in 1 second; IL, interleukin; OLD, obstructive lung disease; PImax, maximum inspiratory pressure; TNF, tumour necrosis factor of a mile, climbing 10 steps, or performing activities of daily living. Exclusion criteria included treatment for cancer, enrolment in a trial of a lifestyle intervention, plans to move out of the study area in 3 years, difficulty in communicating with study personnel, and cognitive impairment. This analysis is restricted to 268 participants with obstructive pattern and 2005 with normal spirometric parameters. Reasons for excluding the remaining participants are shown in fig 1. Demographic data, health conditions, and body composition Age, sex, race, and prevalent health conditions were assessed based on self report and medication inventory. Height was measured using a wall mounted stadiometer and body mass index (BMI) was calculated as weight (kg)/height 2 (m 2 ). The cross sectional areas of muscle, subcutaneous and intermuscular fat, and muscle density in both thighs were measured by CT scanning (Memphis clinic site: Somatom Plus 4, Siemens, Erlangen, Germany or PQ 2000S, Marconi Medical Systems, Cleveland, OH, USA; Pittsburgh clinic site: 9800 Advantage, General Electric, Milwaukee, WI, USA) as described previously. 21 Whole body and lower limb lean mass was assessed by dual energy x ray absorptiometry (DXA; Hologic 4500A, Waltham, MA, USA). Mean values for right and left thigh muscle area and lower limb lean body mass were used in the analysis.
Muscle strength
The maximal and mean isokinetic strength of the knee extensors (Nm) was assessed by a Kin-Com 125 AP Dynamometer (Chattanooga, TN, USA) at 60˚/s and calculated from the average of three reproducible and acceptable trials out of a maximum of six trials. Handgrip strength was measured using a Jamar Hydrolic Hand Dynamometer.
Spirometric tests
Spirometric tests were performed approximately 2 weeks after the baseline interview using a horizontal dry rolling seal spirometer (SensorMedics Corporation, Yorba Linda, CA, USA). The spirometers were modified at the National Institute of Occupational Safety and Health (Morgantown, West Virginia) under the direction of Dr John Hankinson by adding an optical shaft encoder to measure piston displacement and installing the spirometry software used in the third National Health and Nutrition Examination survey. 22 Contraindications to spirometric testing were recent abdominal, thoracic or ophthalmological surgery, recent myocardial infarction, or other recent cardiac illness.
A minimum of three and a maximum of five tracings were obtained from each subject. To be acceptable, tracings had to reflect a good start of test with no coughs or hesitations within the first second and a reasonable duration of test (a minimum of 6 seconds of exhalation or an acceptable plateau in the volume-time tracing). Forced vital capacity (FVC) and forced expiratory volume in 1 second (FEV 1 ) had to meet American Thoracic Society (ATS) criteria for acceptability and reproducibility. 23 24 OLD was defined as a reduced FEV 1 /FVC as determined by age, sex, and race normalised values. 22 Based on percentage predicted FEV 1 determined by age, sex, height, and race, participants with OLD were divided into mutually exclusive groups: severe (FEV 1 (50% predicted), moderate (FEV 1 51-70% predicted), and mild (FEV 1 >70% predicted). Maximum inspiratory pressure (PImax) was measured using an MRP-1 instrument (S&M Instruments Inc).
Inflammatory markers
Blood samples were obtained in the morning (mean time 09.25 hours) at the year 1 visit. After processing the specimens were aliquoted into cryovials, frozen at 270˚C, and shipped to the Core Laboratory. Citrated plasma was used for analysis of TNF and IL-6 assays and special coagulation (SCAT-I) plasma for CRP. 25 Plasma TNF and IL-6 levels were measured in duplicate by ELISA kits (R&D Systems, Minneapolis, MN, USA) using HS600 Quantikine and HSTA50 kits, respectively. Plasma levels of CRP were also measured in duplicate by ELISA based on purified protein and polyclonal anti-CRP antibodies (Calbiochem, EMD Biosciences Inc, Darmstadt, Germany). The CRP assay was standardised according to the World Health Organization First International Reference Standard. Reliability was ascertained using a blind duplicate system and interassay coefficients of variation for TNF, IL-6, and CRP assays were 16%, 10%, and 8%, respectively. The minimal detectable limits for TNF, IL-6, and CRP were 0.18 pg/ml, 0.1 pg/ml and 0.007 mg/l, respectively. TNF, IL-6, and CRP data were missing in 6.6%, 5.3%, and 2.3% of participants, respectively.
Long distance corridor walk Exercise tolerance was measured by the long distance corridor walk test (LDCW) which covered 400 metres. The LDCW test differs from the 6 minute walk test because it uses a target distance instead of time. The LDCW test was therefore chosen to estimate exercise capacity because it discriminates walking endurance and cardiorespiratory fitness better than the 6 minute walk test for this age group. 26 Participants were asked to walk 400 metres after a 2 minute warm-up. The course consisted of 10 laps in a long hallway around cones set 20 metres apart (40 metres per lap) with instructions to walk ''as quickly as you can at a pace that you can maintain for the full 10 laps'', with standard encouragement. Persons with baseline electrocardiogram (ECG) abnormalities, raised blood pressure (>200/110 mm Hg), resting heart rate .120 or ,40 beats per minute (bpm), recent exacerbation of chest pain, shortness of breath, or reporting a recent cardiac event or procedure were excluded for safety reasons. The test was stopped if heart rate exceeded 135 bpm or if a participant reported chest pain or dyspnoea during the test. 
Statistical analysis
Baseline characteristics in participants with and without OLD were compared with the x 2 test (discrete variables) or Student's t test (continuous variables). A p value of ,0.05 was considered significant. Inflammatory markers were log converted because distribution was not normal. Multiple linear regression analysis was used to estimate adjusted regression coefficients between each inflammatory marker and percentage predicted FEV 1 as well as muscle strength. Age, sex, race, and the sex-race interaction if significant, site, BMI .30, 20-30, and ,20 kg/m 2 , smoking status (current smokers v previous smokers v never smokers), pack years of smoking, history of congestive heart failure, diabetes, and use of oral steroids were added to this model to control for confounding. These variables were chosen based on known associations with inflammatory markers, lung function, or muscle strength in our cohort or previous studies.
We also performed multivariable analysis using stepwise logistic regression to ascertain predictors of exercise capacity among participants with OLD. Age, sex, race, site, percentage predicted FEV 1 , history of congestive heart failure, quadriceps strength, maximum inspiratory strength, and inflammatory markers were entered into the model. As described previously, exercise tolerance was measured based on time to complete the LDCW test. Participants were stratified into three groups: those who did not participate in the LDCW test, individuals requiring .6 minutes to complete the LDCW test, and those requiring ,6 minutes to complete the LDCW test. The 6 minute time point was chosen to compare distance covered in this test with a 6 minute walk test. A number of the participants were unable to perform the LDCW test. A multivariable analysis to examine predictors of exercise tolerance without these participants could potentially bias the estimates. We therefore compared odds ratios in individuals who required ,6 minutes to complete the LDCW test with those who could not participate in the test or required .6 minutes to complete it. Odds ratios and 95% confidence intervals were estimated for participants with OLD and compared with those with normal spirometric data. Model fit was estimated by Hosmer-Lemeshow's test.
To ascertain if these associations were significantly different between participants with and without OLD, the results were stratified by these two groups and interaction p values were estimated in each of these models. All analyses were performed using SAS Version 9.0 (Cary, NC, USA). Table 1 compares the baseline characteristics of the 268 participants with OLD and those with normal spirometric parameters. Among the participants with OLD, 94 (35%), 102 (38%), and 72 (27%) participants had mild (FEV 1 >70% predicted), moderate (FEV 1 51-70% predicted), and severe (FEV 1 ,50% predicted) OLD, respectively. Participants with OLD were more likely to be men, of black ethnicity, using oral steroid medications, and to be current as well as past smokers. The association between age and OLD was statistically significant but the differences were not clinically meaningful. Site of enrolment and history of hypertension, diabetes, congestive heart failure, or depression were not associated with OLD. Only 42% of participants with OLD reported a history of COPD. Participants with OLD had lower BMI, total body weight, and lean body mass than those without OLD. Similarly, knee extensor strength, thigh muscle cross sectional area by CT scan, and maximum inspiratory pressure were lower in participants with OLD, although grip strength was similar in the two groups. Despite the lower knee extensor strength and thigh muscle cross sectional area by CT scan among the participants with OLD, the ratios of knee extensor strength and thigh muscle area were similar for both groups.
RESULTS
Baseline characteristics
Association between lung function and muscle strength The unadjusted mean values of quadriceps strength for participants with mild, moderate, and severe OLD were 104.6 Nm, 102.9 Nm, and 98.7 Nm, respectively, compared with 108.9 Nm for those with normal spirometry. This negative association between FEV 1 % predicted and quadriceps strength was statistically significant (p = 0.007) after adjusting for age, height, sex, race, and sex-race interaction. In contrast to quadriceps strength, grip strength was similar in participants with mild, moderate, and severe OLD, and no relationship was noted with FEV 1 % predicted. PImax for those with mild, moderate, and severe OLD was 66.9 cm H 2 O, 65.3 cm H 2 O, and 60 cm H 2 O, respectively, compared with 74.2 cm H 2 O for those with normal spirometry. Similar to quadriceps strength, PImax also correlated with FEV 1 % predicted (p = 0.03) after adjusting for sex and race. Although weight, BMI, and lean body mass were lower in participants with OLD, none of these variables correlated with FEV 1 % predicted (p.0.05).
Association between inflammatory markers and lung function TNF levels were similar but IL-6 and CRP levels were higher in participants with OLD than in those with normal spirometry. A modest correlation was noted between IL-6 levels and TNF and CRP (Spearman correlation coefficients (r) = 0.3 and 0.5, respectively, p,0.0001). However, only a weak correlation was noted between TNF and CRP levels (r = 0.1, p = 0.07).
IL-6 was associated with FEV 1 % predicted in participants with OLD and in those with normal spirometry (table 2) . Although the adjusted regression coefficients were different for these two groups (b = 25.3 and 23.1, respectively), the p value for the interaction did not meet statistical significance (p = 0.09). In contrast, TNF was not associated with FEV 1 % predicted in either group. Although the adjusted regression coefficients for the association between CRP and FEV 1 % predicted were similar in participants with OLD and those with normal spirometry, the association was significant only in participants with normal spirometry.
Association between inflammatory markers and muscle strength Both TNF and IL-6 were associated with quadriceps strength in participants with OLD and in those with normal spirometry (table 3) . Although the adjusted regression coefficients were different for the two groups for both TNF and IL-6, the interaction p values were not significant (p = 0.3 and 0.6, respectively). CRP was not associated with quadriceps strength in either group. None of the inflammatory mediators was associated with hand grip strength or PImax, except for a weak association between IL-6 and hand grip strength, and between TNF and PImax in participants with normal spirometry.
Predictors of exercise tolerance 30% of study participants with OLD did not participate in the LDCW. The quadriceps strength for those who did not participate in the LDCW or who took .6 minutes to complete the LDCW was 91 Nm and 92 Nm, respectively, which was lower than the mean quadriceps strength for individuals who completed the LDCW test within 6 minutes (114 Nm). Similarly, IL-6 levels were higher in these two groups (mean 3.3 ng/ml for both groups) than in those who completed the test within 6 minutes (mean 2.3 ng/ml). We therefore compared predictors of exercise tolerance in individuals requiring .6 minutes as well as non-participants with those who completed the LDCW within 6 minutes (table 4). In participants with OLD, quadriceps strength, IL-6 levels, and PImax were important predictors of exercise tolerance, and the odds ratios were similar for those requiring more than 6 minutes and those who did not participate in the test. Furthermore, the odds ratios for IL-6 and quadriceps strength were similar in participants with OLD and those with normal spirometry.
DISCUSSION
In this study OLD was associated with lower quadriceps strength and higher IL-6 and CRP levels in well functioning elderly individuals. Consistent with previous studies, we have shown an inverse association between systemic IL-6 levels and FEV 1 % predicted. Although the association appeared to be stronger in participants with OLD, the interaction p value was not significant. We have also shown an important association between higher systemic IL-6 and TNF levels and lower quadriceps strength. Furthermore, the IL-6 level is an independent predictor of exercise tolerance.
The strong association between FEV 1 and IL-6 in the presence of OLD is consistent with current concepts of inflammation in the pathogenesis of asthma and COPD. 1 27 Of the three inflammatory markers studied, IL-6 had the strongest association with FEV 1 . The regression coefficient was higher in participants with OLD, indicating that associations between systemic IL-6 levels were stronger among participants with OLD with a similar FEV 1 . However, the interaction p value did not meet our strict criteria, and the reported differences in regression coefficients could be by chance alone. The confidence intervals for the adjusted regression coefficients for the association between FEV 1 and CRP among participants with OLD compared with those with normal spirometry were similar but wider, suggesting a lack of power to detect an association in those with OLD. Although TNF is a key stimulus of IL-6 production and similar associations might be expected, 28 29 the relatively short serum half life of TNF compared with IL-6 and CRP may explain the failure to find the same associations. 30 This inverse association between FEV 1 and systemic inflammatory markers, especially in the presence of airway obstruction, has been hypothesised to be the causal pathway for numerous systemic complications in COPD. Specifically, IL-6 which is proatherogenic, 31 may explain the increased incidence of cardiovascular disease. 32 Although we have previously shown an association between TNF and IL-6 with quadriceps strength in the entire Health ABC cohort, 33 in this study we specifically examined the relationship in participants with OLD and those with normal spirometry. Both TNF and IL-6 levels were inversely associated with quadriceps strength in individuals with stable OLD. Levels of inflammatory markers and spirometric parameters were measured during the baseline clinic visit and participants did not report any worsening of symptoms or infections. The inverse association of IL-6 and TNF levels with quadriceps strength is consistent with our hypothesis and the results of ex vivo studies. 8 19 20 34 Again, the regression coefficients differed between participants with OLD and those with normal spirometry, but interaction p values were not significant. Although participants with OLD had higher CRP levels, CRP was not an independent predictor of quadriceps strength. Compared with quadriceps strength, no association was noted between inflammatory markers and hand grip or respiratory muscle strength. Upper extremity muscle strength is preserved in patients with COPD and these results were confirmed in our study, which may explain the weak association between IL-6 and hand grip strength. Similarly, respiratory muscle strength is well preserved in patients with COPD and reduction in PImax occurs due to hyperinflation rather than inflammatory markers. It is important to note that the quadriceps strength was approximately 10% lower in individuals with OLD than in those without OLD in our study. Previous studies in patients with clinically diagnosed COPD have reported a difference of 20-30% in quadriceps strength between COPD patients and controls. 35 The inclusion criteria for the Health ABC study included no reported difficulty with walking a quarter of a mile, climbing 10 steps, or performing activities of daily living. These selection criteria would have excluded individuals with severe OLD with the worst impairment in exercise tolerance. Furthermore, participants in the Health ABC study without OLD were 70-79 years of age. Quadriceps strength Table 4 Odds ratio (with 95% confidence intervals) of poor exercise performance in the long distance corridor walk over 400 metres (stepwise logistic regression)* declines with age and this group may have lower strength than control groups in previous studies. A smaller difference in quadriceps strength was therefore noted in our study. We also examined predictors of exercise tolerance in participants with OLD to assess the effect of inflammatory markers on exercise capacity. Individuals were subdivided into two groups based on time required to complete the LDCW test. The interval of 6 minutes was chosen to simulate the results of the 6 minute walk test. Unfortunately, 30% of the participants with OLD did not participate in the LDCW for medical reasons. These participants had the lowest quadriceps strength and higher IL-6 levels. Since excluding such a large number of participants may bias the results, we compared predictors of exercise tolerance in these participants with individuals with exercise intolerance. The similar odds ratios for these two groups suggest that the exclusion of the participants who failed to perform the LDCW test would not bias our estimates. Consistent with previous studies, quadriceps strength was a better predictor of exercise capacity than FEV 1 , which was not a significant predictor in the stepwise logistic regression model. 7 Although IL-6 correlated with quadriceps strength, it was an independent predictor of exercise tolerance. IL-6 may be an important surrogate marker for co-morbid conditions that affect exercise capacity in this population such as cardiovascular, pulmonary, or rheumatological disease, which could explain this independent association.
Our study has limitations. Firstly, the analyses were performed using cross sectional data and therefore valid inferences regarding causal pathways cannot be drawn. Secondly, the reported associations could be explained by residual confounding, although we adjusted for known confounders that affect muscle strength and exercise tolerance. Cancer and congestive heart failure are co-morbid conditions that may affect muscle strength and inflammatory markers. Participants with cancer were excluded from the study and less than 1% of participants reported a history of congestive heart failure. Thirdly, our results cannot be generalised to other groups due to the strict inclusion criteria of the study. Individuals aged 70-79 years who could walk a quarter of a mile were included in the study. Whether individuals with severe OLD and lower quadriceps strength have a similar relationship with IL-6 is not known. Based on the linear relationship between IL-6 and FEV 1 as well as quadriceps strength, one may speculate that a similar relationship would be seen in individuals with more severe OLD. Fourth, some of our participants may have asthma rather than COPD. It is often difficult to distinguish between these conditions in this population, 36 and the post-bronchodilator response was not assessed. The frequency of asthma would be low in this population and asthma is not associated with raised levels of inflammatory markers. Such a misclassification bias often skews results towards the null hypothesis and is unlikely to confound the associations. Finally, our definitions of airflow obstruction and normal FEV 1 were based on normative equations from population data with severity graded by ATS criteria. This is of special concern in older subjects in general, and in older minorities in particular, since the reference equations for these groups are based on a relatively small number of people. However, in the absence of any other alternative, we chose normative equations from the population data most representative of our study cohort and used the most widely accepted international criteria for defining the presence and severity of airflow obstruction. 22 In conclusion, our study confirms the association between IL-6 and ventilatory limitation, reduced quadriceps strength and exercise tolerance in elderly participants with OLD as well as in those with normal spirometric parameters.
Although participants with OLD had higher inflammatory marker levels in the systemic circulation, no interaction was seen for these associations in participants with and without OLD. Systemic IL-6 levels were inversely correlated with FEV 1 and quadriceps strength and were independently associated with reduced exercise tolerance.
